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(57) To improve the accuracy of the outgoing light
intensity of the light emitting element by performing per-
forming pulse width modulation. A control device for con-
trolling a light emitting element by performing pulse width
modulation includes a DC-DC converter for supplying
voltage to the light emitting element, a setting unit that
sets a control value for the pulse width modulation in the
DC-DC converter, a detection unit that detects an actual

value of an ON time period which is a period during which
the current flowing through the light emitting element is
relatively high, and a correction unit for correcting the
control value set by the setting unit so as to reduce the
difference between an expected value of the ON time
period corresponding to the control value and the actual
value of the ON time period detected by the detection unit.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a lighting con-
trol technique for a light emitting element such as an LED.

Description of the Background Art

[0002] Japanese Patent No. 6201700 discloses a
headlight apparatus for a vehicle having a plurality of light
sources where outgoing light intensities (luminous inten-
sities) of the plurality of light sources are individually con-
trolled, and as each of the light sources, a LED lamp is
disclosed.
[0003] In the light sources using LEDs as described
above, one of the methods for controlling the intensity of
the outgoing light of the LEDs is to perform pulse width
modulation to the voltage supplied to the LEDs. In this
case, the outgoing light intensity can be controlled by
increasing or decreasing the duty ratio of the voltage.
[0004] Here, when controlling the intensity of the out-
going light of the LEDs by performing pulse width mod-
ulation, there is a time lag between the time when the
voltage is applied to the LEDs and the time when the
electric current actually flows to the LEDs. This is due to
the parasitic capacitance and parasitic resistance
present on the circuit including the LEDs. In many cases,
this time lag is as small as several micro seconds (ms).
[0005] However, when the outgoing light intensity of
the LEDs is set extremely low, the influence of the lime
lag cannot be ignored in some cases. This is because
the ON time period (hereinafter referred to as ON time),
which is the period during which the voltage is applied,
becomes so short that the ratio of the time lag to the ON
time becomes high.
[0006] Thus, the actual ON time is likely to become
shorter than the originally intended ON time set for ob-
taining the specified outgoing light intensity, and there is
a problem that the outgoing light intensity does not reach
the specified value. Such a problem is not limited to a
vehicle headlight apparatus but may also occur in a light-
ing apparatus using a light emitting element such as an
LED.
[0007] In a specific aspect, it is an object of the present
invention to provide a technique capable of improving
the accuracy of the outgoing light intensity from the light
emitting element when performing pulse width modula-
tion.

SUMMARY OF THE INVENTION

[0008]

[1] A control device according to one aspect of the
present invention is (a) a control device for control-

ling a light emitting element by performing pulse
width modulation including (b) a DC-DC converter
for supplying voltage to the light emitting element,
(c) a setting unit that sets a control value for the pulse
width modulation in the DC-DC converter, (d) a de-
tection unit that detects an actual value of an ON
time period which is a period during which electric
current flowing through the light emitting element is
relatively high, and (e) a correction unit for correcting
the control value set by the setting unit so as to re-
duce the difference between a specified value of the
ON time period corresponding to the control value
and the actual value of the ON time period detected
by the detection unit

[2] A control method according to one aspect of the
present invention is (a) a control method for control-
ling the light emitting element by performing pulse
width modulation including (b) a first step for setting
a control value of the pulse width modulation in a
DC-DC converter that supplies a voltage to the light
emitting element, (c) a second step for detecting an
actual value of an ON time period which is a period
in which electric current flowing through the light
emitting element is relatively high, and (d) a third
step for correcting the control value so as to reduce
the difference between a specified value of the ON
time period corresponding to the control value and
the actual value of the ON time period detected by
the detecting unit.

[3] A lighting apparatus according to one aspect of
the present invention includes the above-described
control device and a light emitting element controlled
by the control device.

.
[0009] According to the above configurations, it is pos-
sible to improve the accuracy of the outgoing light inten-
sity of the light emitting element by performing pulse width
modulation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1 is a diagram showing a configuration of
a driving device of a light emitting element according to
one embodiment.

FIGS.2A and 2B are conceptual waveform diagrams
showing electric current flowing through the light
emitting element.
FIG.3 is a flowchart showing the operation procedure
of the control unit.
FIG.4 is a conceptual diagram showing a configura-
tion example of a vehicular lamp.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] FIG.1 is a diagram showing a configuration of
a driving device of a light emitting element according to
one embodiment. The driving device (control device) of
the light emitting element shown in the figure controls the
lighting state of the light emitting element by receiving
power from the power source 1, and is configured to in-
cludes a DC-DC converter 2, a control unit 3, a light emit-
ting element 4, and a current detection resistance ele-
ment 5. Here, resistance 6 in the circuit represents a par-
asitic resistance, and capacitor 7 represents a parasitic
capacitance.
[0012] The DC-DC converter 2 is of a switching type
and supplies to the light emitting element 4 a pulse width
modulated DC voltage with a duty ratio based on a control
signal provided from the control unit 3. The light intensity
of the light emitting element 4 can be controlled by the
duty ratio of this DC voltage.
[0013] The control unit 3 generates a control signal for
setting the duty ratio of the DC voltage in the DC-DC
converter 2 and supplies it to the DC-DC converter 2.
[0014] The light emitting element 4 is an LED, for ex-
ample, and receives voltage from the DC-DC converter
2 and emits light. Here, although only one light emitting
element 4 is shown in the figure, a plurality of light emitting
elements may be connected in series, in parallel, or in
series and in parallel.
[0015] The current detection resistance element 5 is
connected in series with the light emitting element 4, and
is used for the control unit 3 to detect the electric current
flowing through the light emitting element 4.
[0016] Here, the "control device for controlling a light
emitting element" is configured to include the DC-DC
converter 2, the control unit 3, and the current detection
resistance element 5.
[0017] The above-described control unit 3 is realized,
for example, by executing a predetermined operation
program in a microcomputer, and is configured to include
a pulse width modulation (hereinafter often abbreviated
as PWM) signal generation unit 11 (referred to as "a set-
ting unit"), a memory 12, a PWM output time detection
unit 13 (referred to as "a detection unit"), and a correction
value setting unit 14 (referred to as "a correction unit").
[0018] The PWM signal generation unit 11 generates
a control signal for setting the duty ratio (the control value)
of the DC voltage generated in the DC-DC converter 2
and supplies it to the DC-DC converter 2. Note that a
pulse width may be used instead of the duty ratio as the
control value.
[0019] The memory 12 is a non-volatile memory, for
example, and stores data indicating a specified value of
the ON time, which is a period in which electrical current
flowing through the light emitting element 4 is relatively
high when voltage is supplied to the light emitting element
4 based on the duty ratio indicated by the control signal
generated by the PWM signal generating section 11.
More specifically, the memory 12 stores a data table in-

dicating the correspondence between each duty ratio and
the specified value of the ON time with respect to each
duty ratio. The term "specified value" as used herein re-
fers to the length of the ON time period which is specified
from the design or theoretical point of view.
[0020] The PWM output time detection unit 13 detects
the actual value (the PWM output time) of the ON time,
which is a period during which the electrical current flow-
ing through the light emitting element 4 is relatively high,
by measuring the electrical current flowing through the
current detecting resistance element 5.
[0021] The correction value setting unit 14 reads out
from the memory 12 the specified value (data) of the ON
time corresponding to the duty ratio indicated by the con-
trol signal generated by the PWM signal generation unit
11. The correction value setting unit 14 then calculates
the difference between the specified value of the ON time
and the PWM output time detected by the PWM output
time detecting unit 13 and sets a correction value for cor-
recting the duty ratio so that the PWM output time be-
comes equal to or becomes close to the specified value
of the ON time. This correction value is provided to the
PWM signal generation unit 11. Thereby, the control sig-
nal generated by the PWM signal generating section 11
is corrected.
[0022] FIGS.2A and 2B are conceptual waveform dia-
grams showing electric current flowing through the light
emitting element. The operation of the control unit 3 will
now be described with reference to these waveform di-
agrams. In FIG.2A, assuming that the specified value of
the ON time of the electrical current flowing through the
light emitting element 4 is t1 (refer to the waveform indi-
cated by the dotted line in the figure), delay occurs in the
PWM output time t2 which is the actual value of the ON
time (refer to the waveform indicated by the solid line in
the figure) due to the influence of parasitic capacitance
and parasitic resistance. Here, the PWM output time de-
tection unit 13 detects the PWM output time t2. Further,
the correction value setting unit 14 reads out from the
memory 12 the specified value t1 of the ON time and
calculates the difference Δt (delta t) between the speci-
fied value t1 and the PWM output time t2 detected by the
PWM output time detection unit 13. Then, the correction
value setting unit 14 sets the correction value so that the
PWM output time, which is the actual ON time, is in-
creased by the amount of time corresponding to the dif-
ference Δt, and provides it to the PWM signal generation
unit 11. The PWM signal generation unit 11 sets the duty
ratio reflecting the correction value. As a result, as shown
in FIG.2B, the duty ratio set by the PWM signal generation
unit 11 is corrected so that the PWM output time is in-
creased by the amount of time corresponding to the dif-
ference Δt.
[0023] FIG.3 is a flowchart showing the operation pro-
cedure of the control unit. The control method performed
by the control unit will now be described below with ref-
erence to this flowchart. It should be noted that the order
of each process shown in the flowchart can be appropri-
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ately changed as long as there is no contradiction in the
operation procedure, and the order of the process is not
limited to the one shown in the flowchart.
[0024] The PWM output time detection unit 13 in the
control unit 3 detects the LED current flowing through the
current detection resistance element 5 (step S11), and
further detects the PWM output time from the waveform
of the LED current (step S12). Specifically, the LED cur-
rent is converted into a voltage by the current detecting
resistance element 5, and the PWM output time t2 (refer
to FIG.2A) is detected based on the waveform of the volt-
age.
[0025] Next, the correction value setting unit 14 reads
out from the memory 12 the specified value t1 of the ON
time corresponding to the duty ratio indicated by the con-
trol signal generated by the PWM signal generation unit
11, and calculates the difference (error amount) between
the ON time t1 of this specified value and the PWM output
time t2 which is the actual ON time detected by the PWM
output time detection unit 13. Then, the correction value
setting unit 14 determines whether or not the difference
is 1% or more of the specified value t1 (step S13). It
should be noted that the criterion "1%" is merely an ex-
ample and can be set to an appropriate value in accord-
ance with the actual situation.
[0026] When the error amount is 1% or more (step
S13;YES), the correction value setting unit 14 sets a cor-
rection value so that the PWM output time t2 becomes
equal to or close to the specified value according to the
difference between the specified value t1 and the PWM
output time t2, and outputs the correction value to the
PWM signal generation unit 11 (step S14). Upon receiv-
ing the correction value, the PWM signal generation unit
11 sets a duty ratio (or a pulse width modulation width)
reflecting the correction value, and outputs the control
signal indicating the duty ratio (or the pulse width mod-
ulation width) to the DC-DC converter 2 (step S15).
[0027] On the other hand, when the error is less than
1% (step S13;NO), the correction value setting unit 14
does not set a correction value (step S16). Here, the proc-
ess of not setting a correction value also includes setting
the correction value to 0. In this case, the PWM signal
generation unit 11 sets a duty ratio (or a pulse width mod-
ulation width) which does not include the correction val-
ue, and outputs a control signal indicating the duty ratio
(or the pulse width modulation width) to the DC-DC con-
verter 2 (step S15).
[0028] FIG. 4 is a conceptual diagram showing a con-
figuration example of a vehicular lamp that is configured
using the light emitting elements and the driving devices
thereof according to the above-described embodiment.
The illustrated vehicular lamp includes three units 100a,
100b, and 100c. Each of the units 100a, 100b, and 100c
includes the above-described light emitting element and
its driving device (refer to FIG.1), and it is possible to
irradiate light of each unit independently and to control
the outgoing light intensity independently as well. Accord-
ing to such a vehicular lamp, it is possible to control the

outgoing light intensity of each unit with high accuracy.
[0029] According to the embodiment as described
above, it is possible to improve the accuracy of the out-
going light intensity of the light emitting element by per-
forming pulse width modulation.
[0030] It should be noted that this invention is not lim-
ited to the subject matter of the foregoing embodiment,
and can be implemented by being variously modified
within the scope of the present invention as defined by
the appended claims. For example, in the above-de-
scribed embodiment, for the purpose of making the de-
scription easy to understand, a case where the correction
of duty ratio is ideally performed has been described.
However, in reality, the advantageous effect of the
present invention can also be achieved not only in the
case where the difference Δt of the ON time is completely
corrected but also in a case where the difference Δt of
the ON time becomes smaller.
[0031] Further, although a vehicular lamp is shown as
an application example of the present invention in the
above-described embodiment, the application of the
present invention is not limited thereto, and may be ap-
plied to various lighting apparatus (or light sources) using
a light emitting element.

Claims

1. A control device for controlling a light emitting ele-
ment by performing pulse width modulation compris-
ing:

a DC-DC converter for supplying voltage to the
light emitting element,
a setting unit that sets a control value for the
pulse width modulation in the DC-DC converter,
a detection unit that detects an actual value of
an ON time period which is a period during which
the current flowing through the light emitting el-
ement is relatively high, and
a correction unit for correcting the control value
set by the setting unit so as to reduce the differ-
ence between a specified value of the ON time
period corresponding to the control value and
the actual value of the ON time period detected
by the detection unit.

2. The control device for controlling the light emitting
element according to claim 1,
further comprising a memory which stores data in-
dicating the correspondence between the control
value and the specified value of the ON time period,
wherein the correction unit corrects the control value
by obtaining the specified value of the ON time period
from the memory.

3. The control device for controlling the light emitting
element according to claim 1 or 2,
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wherein the difference between the specified value
of the ON time period and the actual value of the ON
time period is generated by a parasitic resistance
and/or a parasitic capacitance on a circuit including
the light emitting element.

4. A control method for controlling a light emitting ele-
ment by performing pulse width modulation compris-
ing:

a first step for setting a control value of the pulse
width modulation in a DC-DC converter that sup-
plies a voltage to the light emitting element,
a second step for detecting an actual value of
an ON time period which is a period in which the
current flowing through the light emitting ele-
ment is relatively high, and
a third step for correcting the control value so
as to reduce the difference between a specified
value of the ON time period corresponding to
the control value and the actual value of the ON
time period detected by the second step.

5. A lighting apparatus comprising:

the control device for controlling the light emit-
ting element according to any one of claims 1 to
3, and
a light emitting element controlled by the control
device.
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